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Abstract. Changes induced by different cooking processes in levels of HCH and HCH 
isomers were investigated.Meat samples were analyzed (pork neck). Samples of raw and 
cooked (cold smoked, hot smoked and pasteurized, grill, baked and pressure cooked) were 
analyzed.  
There were some variations in the concentrations of HCH and HCH isomers before 
and after preparation. The results of this study show that, in general, cooking processes are a 
means to reduce the HCH and HCH isomers in fatty foods. 
 




 Hexachlorocyclohexane (HCH) and its isomers are one of the most frequently detected 
chlorinated contaminants in the environment. 
 The study of the contamination of organochlorine pesticides in meat and meat 
products is very important because of their high fat content and increasing rate of 
consumption worldwide. 
 Many studies on pesticide residues have revealed that certain factors significantly 
reduce their levels in the course of food processing. Consistently, both technological and 
kitchen processes can partially or fully remove or degrade chlorinated residues to other 
compounds often less toxic, which renders safer products to man (4, 5).  
 Regarding to thermal degradation of pesticides in meat, most papers describe a 
reduction in the residual amounts ( 1). 
 Several reports on the effect of technological and culinary processes on the chlorinated 
contamination of foods showed that a certain degree of decrease can be attained (2,3,6,7,8) 
 Mirna and Coretti (1979) analysed rabbit meat after hot-smoking (2 h at 60°C) and 
found a lindane reduction of 12%. They also analysed rabbit meat samples after cooking (1.5 
h at 100°C) and found this treatment as the most effective in eliminating, HCH since 65% of 
the initial contamination was removed. This high losses of γ HCH were mainly caused by the 
volatility of this compound. Similarly, Jan and Malnersic (1982) found a reduction in the γ 
HCH level in cooked beef meat (2 h  at 115°C). As reported by Kubacki and Lipowska (1980) 
in canned meat products, a decrease of the initial lindane contamination by about 25% was 
achieved after pasteurization at 80 °C and commercial sterilization at 120 °C. Similar 
percentage of reduction (27%) was reported by Garcar et al. (1987) in meat products 
subjected to sterilization. Recently, Arifio (1991) reported a insignificant reduction (4%) in 
the γHCH content during the processing of pork bologna. Most of the authors, who found 
significant HCH losses in meat and meat products, attribute these losses to the volatility of 
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this compound and to the elimination with the fat rendering. This is not likely to happen in 
meat products filled into artificial, plastic casing. 
 However, most of the research has been conducted with fortified samples in which the 
residues may not have the same behavior as in naturally-contaminated samples. Therefore, the 
present study is intended to evaluate several kitchen treatments (cold smoked, hot smoked and 
pasteurized, grilled, baked and pressure cooked) on naturally HCH-contaminated pig 
meat.(pork neck) 
 
MATERIALS AND METHODS 
 
Chemicals and materials 
The pesticide standard 97-99% pure (aldrin, α-HCH, β-HCH, δ-HCH, γ-BHC 
(lindane), α-chlordane, γ-chlordane, 4,4'-DDD 4,4'-DDE, 4,4'-DDT, dieldrin, endosulfan I, 
endosulfan II,endosulfan sulfate, endrin, endrin aldehyde, endrin ketone, heptachlor, 
heptachlor epoxide , methoxychlor) used in this study from achieve the calibration curve. A 
standard stock mixture solution were preparated in hexane and stored at 4 ° C. 
The calibration graph of each pesticide was constructed using samples with six 
different concentration(0.001 mg/kg and 0.5 mg/kg ) of the standard mixture solution. The 
analyzed peaks obtained were integrated and plotted as functions of the concentration. The 
standard mixture solutions were analyzed in duplicate by GC-ECD at each concentration 
level.   
 
Apparatus 
Soxhlet apparatus, SPE vacuum manifold and accessories, Shimadzu 2010 Gas 
Chromatograph equipment with an electron capture detection (ECD) was used: the oven 
temperature was initiated at 150°C for 2 min, raised to 200°C at 4°C/min, kept at 200°C for 5 
min, raised to 230°C at 5°C/min, kept at 230°C for 5 min, raised to  300°C at 2°C/min, and 
then kept at 300°C The temperatures of the injector and detector were 250°C and 315°C, 
respectively.  
The injection volume was 1 µL. The flow rates of carrier gas (N2) and make up gas 
(N2) were maintained at 19.2 and 3.0 mL/min, respectively. A RESTEK model capillary 
chromatographic column (phase RTx-5, with 0,4 µm thick film layer, 20 m length and inside 
diameter of 0,18 mm) was used. SPE florisil cartriges(2000mg) and  SPE column 
Chromabond C18 cartiges(6 ml,500mg). 
 
Samples collection and storage 
For this study samples were collected from pork meat commercial unit in Cluj-
Napoca, in 2008. Samples were fortified with a mixture of organochlorine pesticides and 
subjected to different processes. Fortification was achieved by injection salting process, with 
15% saline solution and contaminant concentration of 0.2 mg / kg fat. Samples thus prepared 
were kept for six days at a temperature of 0-4 ° C. 
 
Extraction by automatic extractor 
Ten g of meat sample were accurately weighed accurately and homogenized 10 g of 
Celite. The mixture was quantitatively transferred into an extraction thimble and covered with 
wool. Before use, the extraction thimbles was washed with 15 ml of acetone and 15 ml of 
hexane. 
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Extraction was performed with 90 ml of petroleum ether at 70° C by placing the cursor 
in the extract of "diving" position for 20 min successively in "wash" position for 60 
min. After recovery and drying solvent extracted fat  is passed to the analysis itself. 
 
Cryogenic extraction  
They weigh 0.5 grams of fat obtained as above and add 3 ml of methylene chloride-
acetonitrile.Was mixed vigorously and centrifuged tube and its contents at 3000 rpm at - 15 ° 
C for 20 min. The first top layer supernatant was transferred to a separate tube. Then slowly 
heated in the bottom-centrifuge tube in a water bath set at 40 ° C to melt fat. Extraction was 
repeated with another 3 ml of acetonitrile-methylene chloride and centrifuging was 
repeated. Second layer was added above the first supernatant from the tube. Organic phase 
evaporated to approx. 35 ° C under nitrogen to about 2 ml to 3 ml remains to obtain sol. A. 
 
Clean-up on a C18 SPE cartridge 
C18-SPE cartridge was prepared by eluting twice with 5 ml of petroleum ether, then 5 
ml of acetone and finally 5 ml of methanol, (above the meniscus stops every time). Eluted 
solutions were discarded. The solution was added in cartridge and was left for 3 min. Then 
elueat solution A 10 ml acetonitrile at a flow rate of 1 drop / 3 s. The eluted solution was 
collected in a suitable container. Nitrogen solution thus obtained was evaporated to about 35 ° 
C carefully. Was diluted in 2 ml solution evaporated to 3 ml of n-hexane and obtained sol. B. 
 
Clean-up on a Florisil SPE cartridge 
Florisil SPE cartridge was prepared by elution with 10 ml of n-hexane until the liquid 
meniscus reaches the upper frit. Was added to solution B and left for 3 min. Solution B was 
eluted with 10 ml of ethyl ether-petroleum ether (98:2), with a rate of 1 drop / s. The eluted 
fraction was collected in an evaporation flask. Then eluted with 12 ml of petroleum ether-
diethyl ether III (85:15), with a rate of 1 drop every 3s. Collect fraction eluted in the same 
glass and mix the first part. Finally the elution mixture was brought to dryness and taken up 
with hexane at a volume of 5 ml. After the optimal working conditions were 1µl solution 
injected into GS- EDC. 
 
RESULTS AND DISCUSSIONS 
 
 Technological processes were coded as follows: cold smoked (AFR), hot smoked and 
pasteurized (AFC + PST), pasteurized and hot smoked (PST + AFC), grilled (FR), baked 
(CO) and pressure cooked (IN).  
          Tab. 1 
Mean concentration of organochlorine pesticides( ng /g) under different treatments 
 M AFR AFC+PST PST+AFC FR CO IN 
α HCH 122,7 122,0 110,0 107,0 80,0 64,0 12,0 
γ HCH 255,6 253,7 218,0 214,9 132,0 120,0 20,0 
β HCH 184,2 182,9 163,0 157,0 120,0 94,0 18,0 
δ HCH 174,3 173,1 149,0 146,9 110,9 87,0 17,0 
% fat 23,5 21,08 21,37 20,08 17,03 15,21 9,29 
 
 As it can be seen in table 1, α HCH content varies from 122.7 ng / g in the blank M at 
122 ng / AFR g, 110 ng / g in the AFC + PST, 107 ng / g + PST AFR, 80 ng / g in FR, 64 ng / 
g for CS and 12 ng / g IN.  γ HCH (lindane) range from 255.6 ng / g in the blank M, to 
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253.7 ng / g in AFR, 218 ng / g in the AFC + PST, 214.9 ng / g in PST + AFR, 132 ng / g FR 
120 ng / g for CS and 20 ng / g IN. 
 β HCH ranging from 184.2 ng / g in the blank M, to 182.9 ng / g in AFR, 163 ng / g in 
the AFC + PST, and 157 ng / g in PST + AFR, 120 ng / g FR 94 ng / g for CS and 18 ng / g 
IN.  δ HCH ranging from 174.3 ng / g in the blank M, to 173.1 ng / g in AFR, 149 ng / g in 
the AFC + PST, 146.9 ng / g + AFR PST, 110.9 ng / FR g, 87 ng / g CO and 17 ng / g IN. 
 Sampling results were analyzed using <paired t Test> and <Two-way ANOVA> ( 
GraphPad Prism version 5.00 for Windows, Graph Pad, San Diego Ca). 
Tab. 2 
 
pair Treatment effect   thermal 
P              ……..    S 
M - AFR < 0.001                    *** 
M- (AFC+PST) < 0.001                    *** 
M- (PST+AFC) < 0.001                    *** 
M- FR < 0.001                    *** 
M- CO < 0.001                   *** 
M-IN >0.05                       ns 
***- extremely significant, ns- not significant 





Fig. 1. presents variations in% of contaminants obtained after treatment 
           
Analyzed samples were fortified with the mix of pesticides at levels below the MRL α 
HCH (200 ng / g) and above the MRL (100.20 ng / g) for β and γ HCH . The actual legislation 
dosen’t provides MRL for δ HCH.  




































































1. Compounds presented from the most to the least resistant one: α HCH, β HCH, δ 
HCH, γ HCH. 
2. Compared with other organochlorinate, samples DDT, isomers HCH are generally 
water soluble and volatile. 
3. Notice that thermal treatments applied to reduce the levels of organochlorine 
pesticides in pork samples, are being correlated with lower fat content. 
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